This is an Open Access article licensed under the terms of the Creative Commons AttributionNonCommercial 3.0 Unported license (CC BY-NC) (www.karger.com/OA-license), applicable to the online version of the article only. Distribution permitted for non-commercial purposes only. + regulatory T (Treg) cells and T-helper 17 (Th17) cells play important roles in acute cerebral infarction (ACI). Our previous findings have suggested that oxidized low-density lipoprotein (Ox-LDL) could influence Treg/Th17 ratio in ACI patients. However, the mechanisms are still not clear. Methods and Results: We evaluated the effects of ox-LDL on Th17/Treg cell apoptosis and proliferation in vitro. Our results demonstrated that with increased ox-LDL concentrations, the frequency and suppressive function of Treg cells was decreased while the frequency of Th17 cells was elevated in control subjects. In addition, AnnexinV + apoptotic rate, Fas/Fas ligand (FasL) expression, and Caspase-3 activity were escalated in Treg cells while were no significant changes in Th17 cells. Simultaneously, 5-Bromo-29-Deoxyuridine (BrdU) and 3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyl Tetrazolium Bromide (MTT) incorporation of Th17 cells was elevated accompanied by upregulated nuclear factor-κB (NF-κB) activity. However, Th17 proliferation was decreased when pre-incubated with Pyrrolidine dithiocarbamate (PDTC, inhibitor of NF-κB activation). Furthermore, there were significant changes induced by ox-LDL in Treg apoptosis, Fas/FasL/Caspase-3 expression of Treg cells, and Th17 proliferation, NF-κB activation of Th17 in ACI patients than in patients with transient ischemic attack (TIA) and control subjects (P<0.01, P<0.05 respectively). Conclusion: These data support that ox-LDL may influence the Th17/Treg balance by modulating Fasmediated Treg apoptosis and NF-κB-associated Th17 proliferation. Ox-LDL also induced a more significant alteration of Treg and Th17 in ACI patients than in TIA and control groups, suggesting a novel role in the pathogenesis of ACI.
Introduction

Atherosclerosis (AS) is a chronic inflammatory disease which involves various immune cells, particularly T lymphocytes, such as CD4
+ T-helper cells [1, 2] . Acute cerebral infarction (ACI) is a major cause of disability and death worldwide. ACI results from plaque erosion and interruption of blood supply to regions of the brain, which leads to ischaemia of brain tissue, cell damage and cell death. In contrast to ACI, transient ischemic attack (TIA) involves the sudden and brief loss of cerebral or ocular function, due to ischemic causes, with complete recovery. AS and plaque rupture are the principal causes of ACI and TIA, and T lymphocytes play an important role in these coronary events [3, 4] . CD4 + T cells may differentiate into different lineages characterized by their secretion of different cytokines. CD4 +
CD25
+ regulatory T (Treg) cells and T-helper 17 (Th17) cells have recently been described as two original subsets distinguished from Th1 and Th2 cells. Treg cells, characterized by the expression of the forkhead/winged helix transcription factor (Foxp3), are essential for the control of self-tolerance and exhibit an anti-inflammatory function by contact-dependent suppression or by the release of anti-inflammatory cytokines [5] . Th17 cells which express retinoic acid-related orphan receptor γt (RORγt) play critical roles in the development of autoimmune diseases and human inflammatory conditions by producing a novel cytokine, interleukin (IL)-17 [6] . The Th17/Treg imbalance may play an important role in atherosclerotic plaque inflammation and destabilization in animal models [7, 8] . Studies in humans from others, as well as our previous studies, have also suggested a Th17/Treg imbalance in patients with acute coronary syndrome and ACI [9, 10] . However, to the best of our knowledge, a possible cause for the Th17/Treg imbalance in human atherosclerotic plaque formation/destabilization has not been explored in depth.
Oxidized low-density lipoprotein (Ox-LDL) is a pivotal factor in the pathogenesis of progressive AS and contributes to plaque rupture and thrombosis through multiple mechanisms [11] . Our previous findings have suggested that ox-LDL could elevate Th17 expression while decreasing Treg expression [12] , and ox-LDL induced a more significant alteration of Treg and Th17 cells from ACI patients than in the TIA and control groups in vitro [10] . Ox-LDL may contribute to plaque destabilisation and ACI occurrence by its effects on this balance. However, the reasons underlying this effect of ox-LDL on Th17/Treg cells in ACI are not clear yet.
Activation-induced cell death is a major mechanism of peripheral T cell apoptosis in which Fas/ Fas ligand (FasL) pathway plays an important role [13] . Furthermore, we had previously seen distinctly different sensitivity of Treg/Th17 cells to Fas-mediated apoptosis [14] . Meier et al. [15] have demonstrated that ox-LDL activates Treg apoptosis in patients with end-stage renal disease through Fas engagement.
Ox-LDL has also been shown to be a compound capable of inducing proliferation in the absence of any other mitogenic factors [16] . Nuclear factor kappa B (NF-κB) is a family of dimeric transcription factors (usually RelA/p65:p50). In most cells NF-κB transcription factors appear to mediate survival signals that protect cells from apoptosis. Moreover, the NF-κB signaling pathway has been shown to promote proliferation of rat cardiac fibroblasts and cancer cells [17, 18] . Ox-LDL activates NF-κB in endothelial cells, monocytes/macrophages and vascular smooth muscle cells, causing increases in its activity and expression, which consequently results in the up-regulation of pro-inflammatory cytokines [19] .
Therefore, we postulated that, in ACI patients, ox-LDL may influence peripheral Th17/ Treg imbalance by modulating Fas-mediated apoptosis and NF-κB-related proliferation. The aim of the current investigation was to verify in a large group of patients that the role of ox-LDL on Th17/Treg balance exerts in ACI. Moreover, we also aimed to explore the mechanisms of the effect of ox-LDL on Th17/Treg cell apoptosis and proliferation in vitro. Li 
Materials and Methods
Study population
The study was approved by the Ethics Committee of Anhui Medical University and conforms with the declaration of Helsinki and its amendments. All patients gave written informed consent before enrollment into this study. This study was cross-sectional and blinded. We examined patients at Anhui provincial hospital who underwent diagnostic catheterisation (112 male and 80 female) between December 2009 and November 2012. Patients were classified into three groups: Group 1, atherosclerotic cerebral infarction (ACI) patients (38 male and 29 female; mean age, 61.3± 12.9 years). The diagnosis was based on a modification of the TOAST criteria based on the clinical, radiographic, and diagnostic information available [20] . Group 2, transient ischemic attacks (TIA) patients (39 male and 26 female, mean age 59.1±14.2 years), TIA was defined as a documented neurological deficit lasting <24 hours without definite radiographic evidence of acute ischemia [21] . Group 3, control subjects (35 male and 25 female; mean age, 56.9 ± 16.1 years), control subjects with repeated episodes of dizziness were selected on a basis of recent angiography showing normal carotid arteries. Patients with ACI and TIA had a similar extent of carotid atherosclerosis. There were no significant differences of age between the three groups.
No patient was treated with anti-inflammatory drugs and/or immunosuppressive agents. None had intracranial hemorrhage, brain abscess, surgery, or trauma, thromboembolism, disseminated intravascular coagulation, advanced liver disease, renal failure, malignant disease, other inflammatory disease, chronicimmune-mediated disorders, congestive heart failure.
Blood samples and cell preparation
Peripheral blood (5-10 ml) was collected from all the patients, in a fasting state, on the morning following admission. The time interval between symptom onset and blood sampling was less than 24 h in all cases. Peripheral blood mononuclear cells (PBMCs) were prepared by Ficoll density gradient centrifugation for further analysis. Serum was obtained after centrifugation and stored at −80°C until further use.
Detection of Treg and Th17 cells
For the analysis of Treg cells, cell surface staining was performed by the use of APC-conjugated anti-CD4 (Beckman Coulter-Immunotech, France), PE-Cy7-conjugated anti-CD25 (Immunotech), PerCP-Cy5.5-conjugated anti-CD127 (eBioscience, USA) and appropriate isotype controls. Cells were incubated with antibodies for 20 min at room temperature in the dark, followed by washing in phosphate buffered solution (PBS). Cells were fixed and permeabilized with the Fix/Perm reagent, incubated with PE-conjugated antiFoxp3 (eBioscience) and its isotype control, washed with PBS and analyzed by flow cytometry (FCM).
For Th17 analysis, ox-LDL-induced PBMCs were suspended at a density of 2.0 × 10 6 cells/ml in complete culture medium (Gibco BRL, USA). Cultures were stimulated with phorbol myristate acetate (PMA, 25 ng/ ml) plus ionomycin (1μg/ml) for 4 h at 37°C and 5% CO 2 , in the presence of monensin (1.7μg/ml, all from Alexis Biochemicals, USA). After incubation, the cells were labeled with APC-conjugated anti-CD4 for 20 min and then stained with PE-Cy7-conjugated anti-IL-17A (eBioscience) after fixation and permeabilization according to the manufacturer's instructions. Stained cells were assessed by FCM using BD FACS Aria II flow cytometer (Becton Dickinson, USA). 
Measurement of blood biochemistry and ox-LDL in Serum
Blood glucose and lipids were determined by the enzymatic method. All of the assays were conducted on an Olympus AU2700 biochemical autoanalyzer (Olympus, Japan). The levels of ox-LDL in serum were examined by the enzyme-linked immunosorbent assay (ELISA) and measured at 450 nm on microplate reader (ox-LDL ELISA kits from Uscnlife, USA). The minimal detectable concentrations were 4.5μg/L for ox-LDL. Intra-and inter-assay coefficients of variation were < 5%. All samples were measured in duplicate.
Preparation of LDL and ox-LDL
Blood was collected in EDTA (1 mg/mL) from healthy controls after a 12-hour fast. LDL (density=1.019 to 1.063 g/mL) was isolated from plasma after density adjustment with KBr and preparative ultracentrifugation at 50000 rpm for 22 hours with a type 50 rotor. The LDL preparation was dialyzed against 0.15 mol/L EDTA (pH 7.4), filtered through 0.22 μm filters and stored under nitrogen in the dark [22] . For oxidation, the LDL was diluted to 0.1 mg protein/mL with EDTA-free PBS and incubated with 5μmol/L CuSO4 for 24 hours at 22°C. Control incubations were done in the presence of 0.1 mmol/L EDTA without CuSO4. At the end of incubation, 0.1 mmol/L EDTA was added to prevent further oxidation [23] .
Lipoprotein oxidation was confirmed by analysis of thiobarbituric acid reactive substances (TBARS). TBARS-concentration was calculated using malondialdehyde (MDA) standard curve and expressed as nmol MDA equivalents /mg of LDL protein [24] . The levels of TBARS in ox-LDL were 41.9±3.2 nmol/mg protein (n=5) compared with 3.6±0.4 nmol/mg protein (n=5) in native LDL. Ox-LDL was stored at 4°C for about 4 weeks in darkness and sealed tubes prior to its use.
Ox-LDL induction experiments
PBMCs (1.0 × 10 6 cells/ml) from control subjects (n = 10) were incubated with various concentrations of ox-LDL (0, 1, 5, 10, 50, 100 μg/ml) for 48h in vitro. To compare the effects of ox-LDL on Treg and Th17 cells from ACI, TIA and control group, PBMCs from each group (n = 10) were incubated with 1 μg/ml ox-LDL.
Cells were cultured in triplicate in U-bottom 96-well plates in RPMI supplemented with 10% fetal bovine serum, During experiments, Cells were incubated for 48 h before being washed in warm sterile PBS to remove the oxidant. After incubation, Treg/Th17 frequencies and the suppressive functions of Tregs were assessed.
Analysis of the effect of ox-LDL on apoptosis of Treg and Th17 Cell staining for AnnexinV: Apoptosis analysis in Treg and Th17 cells after induction. Apoptotic cells of
Treg and Th17 after incubation were identified by staining for AnnexinV with an apoptosis detection Kit (BD Pharmingen, USA). For Treg apoptosis analysis, aliquots (100 μL) of cells were incubated with 20 μL of APC-anti-CD4, PerCP-Cy5.5-anti-CD25 and PE-Cy7-anti-CD127 for 20min. Cells were then washed with PBS and suspended in 100 μL binding buffer. After incubation with 5μL FITC-AnnexinV for 15 min at room temperature, cells were resuspended in 400 μL binding buffer and analyzed by FCM. For Th17 apoptosis analysis, the cells were stained with APC-anti-CD4 for 20 min, then incubated with 5 μL FITC-AnnexinV for 20 min. After fixation and permeabilization, cells were stained with PE-Cy7-anti-IL-17A. In order to evaluate the influence of in vitro stimulation and fixation/permeabilization on cell apoptosis, CD4 + T cell apoptosis was examined among groups under pre-stimulation, post-stimulation, and post-fixation/permeabilization.
Fas and FasL expression in Treg and Th17 cells. Fas and FasL expression of Treg/Th17 cells was measured after incubation. As for Treg analysis, cell surface staining was performed by the use of FITC-antiFas (eBioscience), PE-anti-FasL (eBioscience), APC-anti-CD4, PE-cy7-anti-CD25, PerCP-Cy5.5-anti-CD127. Antibodies and appropriate isotype controls were incubated with cells for 20 min at room temperature in the dark. For Th17 analysis, the cells were incubated with FITC-anti-Fas, PE-anti-FasL, APC-anti-CD4 for 20 min, then were stained with PE-cy7-anti-IL-17A after fixation and permeabilization. 
Cellular Physiology and Biochemistry
Measurement of caspase-3 activity in Treg cells. After culture, intracellular caspase-3 activity in Treg cells was detected by active Caspase-3 apoptosis Kit (Pharmingen). Purified PBMCs (1×10 6 cells/mL) were stained with APC-anti-CD4, PE-cy7-anti-CD25, PerCP-Cy5.5-anti-CD127 for 20 min, then cells were fixed and permeabilized after washing in PBS. At last, cells were stained with FITC-conjugated anti-active Caspase-3 antibody for 30 min, and analyzed by FCM.
Analysis of the effect of ox-LDL on Th17 proliferation and NF-κB activation For Th17 differentiation CD4
+ T cells were isolated from PBMCs (n = 10 from each group) by FACS Aria II cell-sorter. To generate Th17 cells, purified CD4
+ T cells were stimulated with plastic-bound anti-CD3 and anti-CD28 in 25 cm 2 tissue culture flasks and cultured in complete culture medium (Invitrogen) supplemented with anti-IFN-γ(10 μg/ml), anti-IL-4 (10 μg/ml), recombinant human IL-1β (10 ng/ml), IL-6 (20 ng/ml), IL-23 (10 ng/ml) (all from R&D Systems) for 5 days. The resultant viable Th17 cells were restimulated with PMA and ionomycin for 4 h for determination of IL-17 production, or were cultured in complete culture medium 24-well plates (10 6 cells per well) to stimulation. With pre-treatment or not pretreatment with 10 μM Pyrrolidine dithiocarbamate (PDTC, inhibitor of NF-κB activation) for 1h, Th17 cells from control group were incubated in vitro in the presence of plastic-bound anti-CD3 /anti-CD28, and coincubated with various concentrations of ox-LDL (0, 1, 5, 10, 50, 100 μg/ml) for 48 h. To compare the effects of ox-LDL on Th17 proliferation from ACI, TIA and control group, Th17 cells from all the three groups were incubated with 1 μg/ml ox-LDL for 48 h.
Proliferation assay: 5-Bromo-29-Deoxyuridine (BrdU) Incorporation
Proliferation was evaluated by measuring the incorporation of BrdU into newly synthesized DNA. Uptake of BrdU into differentiated Th17 cells and its incorporation into DNA were determined by ELISA. Th17 cells (1.0 × 10 6 cells) were seeded onto 96-well plates and incubated at 37°C for 2h after the addition of 10 μM BrdU in FBS-free culture medium. Next, the cells were incubated for 30 min at room temperature in fixative solution and then in the blocking reagent included in the assay kit. Peroxidase-labeled anti-BrdU monoclonal antibody solution was added and incubated for 90 min at room temperature. After the cells were washed three times with PBS for 5 min, substrate solution was added and the cells were incubated for 30 min at room temperature. The reaction was stopped by the addition of 1 M sulphuric acid, and the optical density of each sample at 450 nm was measured by using microplate reader. Proliferation was expressed as a percentage of absorbance of the treated cells to the absorbance of the non-treated control cells.
Proliferation assay: 3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyl Tetrazolium Bromide (MTT) Incorporation
After the cultures were incubated at 37 °C, 5% CO 2 with for 48 h, Th17 proliferation in cultures was appraised by an MTT assay. After the addition of RPMI 1640 medium containing 10% MTT, the cells were incubated at 37°C for 4 h, the medium was aspirated, and the cells were lysed by the addition of 100 μl dimethylsulfoxide (DMSO). Then, 10 μl was collected from each sample and diluted in 90 μl of fresh DMSO. The absorbance was read on ELISA microplate reader at 490 nm. The results are presented as the average absorbance and expressed as the mean of triplicate samples.
Western blot analysis NF-κB activity was analyzed by Western blotting. After treatment of Th17 cells with ox-LDL, the cells were harvested and nuclear extracts were collected by using a nuclear extraction kit (Millipore, Billerica, USA) according to the manufacturer's instructions. The nuclear protein concentration was determined. 40 μg of nuclear protein sample from each group was separated on 10% SDS-polyacrylamide gel electrophoresis and transferred to polyvinylidene difluoride membrane. The membrane was blocked and probed with antibodies against NF-κB (p65) (Boster, Wuhan, China) or proliferating cell nuclear antigen (PCNA) overnight at 4°C. Antibody recognition was detected with peroxidase-conjugated secondary antibodies (Pierce) at room temperature for 60 min. The immunoreactive bands were visualized by enhanced chemiluminescence reagent with PCNA as the internal control. Three independent experiments were performed, and the results were reproducible.
Statistical analysis
Values were expressed as the mean ±SD. Data were analysed by using SPSS 13.0 software (Chicago,
by Bonferroni or Dunnett's C multiple comparison tests. Spearman's correlation was used as a test of correlation between two continuous variables. P < 0.05 was considered to be statistically significant.
Results
Characteristics of patients
There were no significant differences in age, gender, hypertension, coronary disease, smoking rate and high density lipoprotein-cholesterol (HDL-C) concentrations between the three groups. However, blood-fasting glucose (BFG), total cholesterol (TC) and total triglyceride (TG), low density lipoprotein cholesterol (LDL-C) levels in the ACI and TIA groups were significantly higher than those in the control group (P < 0.05 and P < 0.01, respectively). There were also no significant differences in BFG, TC, TG, LDL-C concentrations between the ACI and TIA group ( Table 1) .
Correlation of serum ox-LDL levels to Th17/Treg cells in ACI patients
As shown in Fig. 1A , the frequencies of Treg cells (CD4
+ T cells) were significantly lower in ACI patients (1.73± 0.45 %) than in TIA patients (2.65 ± 0.41%) and control subjects (3.86 ± 0.54 %)(P<0.05, P<0.01 respectively). The frequencies of Treg cells in TIA patients were also markedly lower than in the control group (P < 0.01). On the contrary, the frequencies of Th17 cells (CD4
+ T cells) were markedly higher in ACI patients (3.91 ± 0.62 %) than in TIA patients (2.38± 0.43 %) and control subjects (0.97 ± 0.28 %)(both P < 0.01). There was also an obvious difference between the TIA and control groups (P < 0.01).
Freshly purified Treg cells from controls and patients were assayed for their suppressive activity by MLR assay. Suppressive rates of Treg cells were markedly lower in ACI patients (39.2 ± 3.4%) than in TIA patients (63.8 ± 4.5%) and controls (82.7 ± 5.1%) (both P < 0.01). Suppressive rates of Treg cells were also significantly lower in TIA patients than in control group (P < 0.05).
The concentration of ox-LDL was significantly greater in ACI patients (438.40 ± 59.10 µg/L) than in TIA patients (367.20 ± 44.30 µg/L) and control subjects (312.50 ± 37.40 µg/L) (P < 0.05, P < 0.01 respectively). There was also an obvious difference between the TIA and control groups (P < 0.05).
In addition, ox-LDL concentrations in serum were negatively correlated with the frequency of Treg cells (P < 0.01 and r = -0.726), and positively correlated with the frequency of Th17 cells (P < 0.01 and r = 0.753, Fig. 1B) .
Effects of ox-LDL on Treg apoptosis and Th17 proliferation in control subjects in vitro
We examined the effects of ox-LDL at various concentrations on the numbers of Treg and Th17 cells in control subjects. With increased ox-LDL concentrations, the frequency Fig. 2A) . In addition, AnnexinV + apoptotic cells, Fas/FasL expression, and Caspase-3 activity in Treg cells was escalated while AnnexinV + apoptotic cells and Fas/ FasL expression in Th17 cells was no significant change (Fig. 2B) . In the control test of apoptosis analysis in Th17 cells, CD4 + T cells apoptosis was not significantly altered in the post-stimulation group or the post-fixation/permeabilization group in comparison to the pre-stimulation group (P > 0.05).
We examined the effects of ox-LDL on proliferation of differentiated Th17 by BrdU incorporation and MTT assay. With increased ox-LDL concentrations, the BrdU and MTT incorporation of Th17 cells was elevated accompanied by upgraded NF-κB activity. Furthermore, Th17 proliferation was declined when pre-incubated with PTDC. These data show that ox-LDL stimulated Th17 proliferation in a concentration-dependent manner, which may be associated with NF-κB activation (Fig. 3) . 
Effects of ox-LDL on Treg and Th17 expression in ACI patients in vitro
We investigated the sensitivity of the ox-LDL-mediated decrease of Treg cells, compromise of function and increase of Th17 cells in the ACI, TIA, and control groups. There were significant changes in the number of Treg and Th17 cells in the presence of ox-LDL in patients with ACI than in TIA and control subjects. In addition, there were also significant changes in the number of Treg and Th17 cells induced by ox-LDL in patients with TIA, but not in controls (Fig. 4) . However, there was no difference in the numbers of CD4 + cells in cultured PBMCs derived from ACI and TIA patients and control subjects treated with ox-LDL. 
Effects of ox-LDL on Fas-mediated apoptosis in Treg/Th17 cells from ACI patients in vitro
After incubation with 1 μg/ml ox-LDL for 48h, the elevation of AnnexinV + apoptotic Treg cells in ACI patients (53.52 ± 7.61 %) was significantly higher than that in TIA patients (31.73 ± 5.82 %) and control subjects (18.64 ± 3.25 %) (both P < 0.01). Apoptotic Treg cells in TIA patients were also significantly higher than those in the control group (P < 0.05). Moreover, there were no significant differences in apoptotic Th17 cells between the three groups (5.21 ± 1.63 % for control group, 5.42 ± 1.31 % for TIA group, 6.05 ± 1.96 % for ACI group) (all P > 0.05, Fig. 5A ).
The levels of Fas/FasL expression and Caspase-3 activity for Treg cells were markedly higher in the ACI group (61.42 ± 8.53 % for Fas, 12.17 ± 3.86% for FasL, 57.31 ± 8.91 % for Caspase-3) than those in the TIA (40.61 ±6.45 % for Fas, 7.93± 2.12% for FasL, 35.23 ± 6.82 % for Caspase-3) and the control group (23.57 ± 4.31% for Fas, 4.34 ± 1.05% for FasL, 18.34 ± 3.73 % for Caspase-3) (P < 0.01, P < 0.05 respectively). In addition, Fas/FasL expression and Caspase-3 activity for Treg cells in the TIA group were also significantly higher than those in the control group (P < 0.01 respectively). Interestingly, there were no significant differences in Fas/FasL expression and Caspase-3 activity for Th17 cells among the three (Fig. 5A) . Therefore, there were more significant changes of apoptosis and Fas/FasL/Caspase-3 pathway for Treg cells induced by ox-LDL in ACI patients than in TIA and control subjects. There were also more significant changes in these indicators for Treg cells in TIA patients than in control subjects. However, there were no significant alterations in apoptosis and Fas/ FasL/Caspase-3 pathway for Th17 cells among the three groups treated with ox-LDL.
Effects of ox-LDL on Th17 proliferation response from ACI patients in vitro
We investigated the sensitivity of the ox-LDL-mediated NF-κB activition and Th17 proliferation in the ACI, TIA, and control groups in vitro. The nuclear translocation of NF-κB induced by ox-LDL in ACI patients was strengthened markedly compared to the TIA and control groups. Moreover, NF-κBp65 nuclear translocation in TIA patients was increased more significantly than in the control group (P < 0.01, P < 0.05 respectively, Fig. 5B ). At the same time, there were notable enhancements in BrdU and MTT incorporation induced by ox-LDL in ACI patients than in TIA patients and control subjects (P < 0.01, P < 0.05 respectively). Furthermore, this proliferating effect in TIA patients was reinforced more obviously than in control subjects (all P < 0.05, Fig. 5C ).
Discussion
Ox-LDL is primarily present in atherosclerotic lesions but not in normal arteries and is associated with plaque vulnerability [25] . In the present study, significant positive and negative correlations were noted between Th17 cells, Treg cells, and serum ox-LDL levels. Ox-LDL can induce a more significant alteration of Treg apoptosis mediated by Fas/FasL pathway and Th17 proliferation correlated with NF-κB activation in ACI patients than in the TIA and control groups in vitro. These data indicate that ox-LDL influences Th17/Treg balance by modulating Treg apoptosis and Th17 proliferation, which may lead to thrombosis and pathogenesis of ACI.
Ox-LDL plays an important role in the promotion of AS initiation, progression and plaque destabilisation [11] . Plasma levels of ox-LDL have been reported to be high in patients with cortical ischemic damage and a predictor of enlargement of the ischemic lesion [26] . The results of a study by Fang et al [27] indicated that age and plasma ox-LDL level were possible risk factors for carotid plaque, and the ox-LDL level was associated with carotid plaque vulnerability.
The effects of ox-LDL on AS are associated with the reduced frequency and compromised suppressive function of Treg cells [28] . In our study, ox-LDL concentrations in serum were negatively correlated with the frequency of Treg cells, and positively correlated with the frequency of Th17 cells. Moreover, Treg apoptosis and Th17 proliferation from ACI patients were more susceptible to the influence of ox-LDL when compared to those in TIA and control subjects. Accordingly, elevated sensitivity to ox-LDL results in the aggravation of the Th17/ Treg imbalance, which promotes plaque inflammation and destabilisation in ACI.
Apoptosis is an important process of many pathological conditions including AS. Apoptosis disorders, both interrupted and accelerated apoptosis, were verified as central defects in immune function, and could lead to a range of diseases [29] . The combination of Fas and FasL on cell membrane triggers an activation cascade of caspases [13] . Caspase-3 is considered to be a major executioner protease and has been shown to take an important part in the activation of the apoptotic signaling pathway. The Fas/FasL/Caspase-3 pathway plays a critical role in T cell apoptosis, including that of Treg and Th17 cells [14, 30] .
An increasing body of work has shown that Fas/FasL play a critical role in the pathology of ischemic stroke [31, 32] . A study by Martín-Ventura et al. [33] has shown that a high expression of FasL and active caspase-3 in PBMCs occurs in ACI patients, which participate [34, 35] . Ox-LDL also induces apoptosis in human coronary artery endothelial cells, in a concentration-and time-dependent manner [36] . However, little was previously known about the sensitivity of Th17 and Treg to Fas-related apoptosis mediated by ox-LDL in ACI patients. In our study, Treg cells in ACI patients were shown to be more sensitive to Fas-mediated apoptosis induced by ox-LDL than those in TIA patients and control groups. At the same time, Treg cells in TIA patients were also shown to be more sensitive to Fas-mediated apoptosis induced by ox-LDL than those in control groups in vitro, which suggested that Fas/FasL/ caspase-3 pathway in Treg for ACI and TIA patients is activated by the effects of ox-LDL. Interestingly, the Fas/FasL pathway did not play a role in Th17 expression induced by ox-LDL. Th17 cells expressed low levels of Fas and FasL indicating no effect of Fas-mediated apoptosis on Th17 cells after treatment with ox-LDL. Here we found that Treg cells, but not Th17 cells are sensitive to ox-LDL-mediated apoptosis. Increased apoptosis of Treg cells may lead to relative reduction of Treg expression, in which the Fas/FasL pathway plays a crucial role.
Ox-LDL also has an outstanding effect on Th17 proliferation, which is associated closely with NF-κB activiation. The NF-κB signaling pathway regulates inflammatory responses and has been implicated in AS. A relevant report showed that ox-LDL upregulated NF-κB signaling pathway in ox-LDL-induced foam cells formation [19] .
Hence, we predicted that NF-κB was perhaps an underlying modulator of ox-LDLstimulated proliferation of Th17 cells. To prove this hypothesis, we analyzed the nuclear translocation of NF-κB (p65) by western blot. Moreover, after pre-treatment with PDTC, an inhibitor of NF-κB, Th17 proliferation was analyzed. In regard to treatment with ox-LDL at different doses for control subjects, translocation of NF-κB (p65) was strengthened, along with Th17 proliferation advancement. Furthermore, the proliferation of Th17 was significantly inhibited by PDTC pre-treatment, confirming that Th17 proliferation was mediated through a NF-κB-related pathway. In addition, Th17 cells in ACI patients were shown to be more responsive to NF-κB-related proliferation induced by ox-LDL than those in TIA and control subjects, and Th17 cells in TIA patients were also shown to be more sensitive to ox-LDLinduced proliferation than those in control subjects, which suggested that NF-κB-related proliferation in Th17 for ACI and TIA patients is activated by ox-LDL.
Ox-LDL-mediated cell apoptosis and proliferation could have been responsible for the change in the balance of Th17/Treg cells. Ox-LDL might induce Fas-mediated apoptosis signaling, resulting in the increase of apoptotic Treg cells and cell proliferation associated with NF-κB, resulting in the amplification of Th17 cells. These pathways may alter the fragile balance between Treg and Th17 cells, leading to plaque instability and ACI occurrences. The decrease of ox-LDL levels could maintain plaque stability and prevent the onset of ACI.
Our finding needs yet to be further proven in a large scale population study, and ongoing efforts should be made to explore whether other pathways are related to Treg apoptosis, and the precise molecular mechanisms of ox-LDL on Th17 proliferation.
In conclusion, our findings show that ox-LDL may contribute to Th17/Treg imbalance by affecting Fas-mediated apoptosis for Treg cells and NF-κB-associated proliferation for Th17 cells. The role of ox-LDL on Th17/Treg cells may provide an exciting new target on the pathogenesis and the treatment of ACI.
